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ADVANCED TURBULENCE MODELS FOR TURBOMACHINERY /,)
y.#All H. Hadid, Michele E. DeCroix, and Munir M. Sindir
Rocketdyne Division, Rockwell International
ABSTRACT
Development and assessment of the single-time-scale k-_ turbulence model
with different near-wall treatments and the multi-scale k-¢ turbulence model for
rotating flows are presented. These turbulence models are coded as self-
contained module decks that can be interfaced with a number of CFD main flow
solvers. For each model, a stand-alone module deck with its own formulation,
discretization scheme, solver and boundary condition implementations is
presented. These satellite decks will take as input (from a main flow solver) the
velocity field, grid, boundary condition specifications and will deliver turbulent
quantities as output. These modules were tested as a separate entities and
although many logical and programming problems were overcome only wider
use and further testing can render the modules sufficiently "fool proof".
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KEMOD-1 MODULE DECK (CONT'D)
IF(LAY2 • OR -LRE)
NO
CALL CALCE (ED, 2)
ENERGY DISSIPATION
EQUATION (z)
I MODVIS I
MMDPHi 1
FOR IDIR = 2_
-_ "i SOLSIP I
/
_k_ Rockwell InternationalocketdyneDivision
KEMOD FLOW CHART
++
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KEMOD-1 MODULE DECK (CONT'D)
!
CCNDmONS
t
I ITER = 0ITERATICN CCUNTE.=I
ITER = ITER ,. 1
FLOW SOLVER _ "'-;
CALL OTHER RCUTINE3
FOR W-EP.,UA130N,
PRESSURE-CORRECTiON
OR OTHERS
A JFTER ASSEMBUNG
CCEFRC:EN'TS AND
BEFORE CALUNG
SOLVER FOR U AND V
C,_"LL MC DIF',,'
CALL KEMCD TO
........:CALCULATE
: kAND¢
CHECK MAXIMUM
RESIDUAL
ERROR OF EaUATIONS
N_O OR RESIDUAL ERROR IS J.-IIF ITER • GE • MAXIMUM ITERATION1
-- I SMALLER THAN PRESET VALUE /
KEMOD-1 INTERFACE WITH A MAIN SOLVER
___ Rockwell InternationalRocketdyne Division CFD 93 013-013/D1/AHH )
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KEMOD-2 MODULE DECK (CONT'D)
READ GEOMETRY DATA
GRID NODES
I CALL GRIDGfCALCULATE
Fx, Fy, ARE. VOL
_I
CALLC,M.J:XE(TF..1)
(TURBKINETICF.NERGYI(p)
CALl.C,,tLCXT=('rET,2)
(Tuna KINEnC ENERGY _)
T
CALLCALCKE flED,3)
(ENERGYTRANSFERRATE tp)
V
CALL C.ALCXE (EDT,4)
(ENERGY DISSIPATION RATE El )
MODVIS
_I MODMSKIE
FOR IDIR,. 1 I
SOl.SIP I
]. _ _ uOOMSKE
1-_ ,..L _m-_ I
__ MODMKDE I
_ MODMKSE
IOIR-J I
I.._L SOLSi_I
KEMOD-2 FLOW CHART
_i_ Rockwell Internationaletdyne Division
CFO 93 013-017/O1/AHH
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KEMOD-2 MODULE DECK (CONT'D)
V
t
I _..o iITERATION COUNTER
J,
CHECK MAXIMUM
RESIDUAL
ERROR OF EQUATIONS
3-
__,F_. -o_..._,.u._._ONI
KEMOD-2 INTERFACE WITH MAIN SOLVER
Rockwell International
Rocketdyne Division CFD 93 013-018/D1/AHH
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